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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the 
responsiveness for the quick steering of a steering 
wheel by switching to a characteristic with a high gain 
out of plural steering vs a current order value 
characteristic at the detection time of a quick steering 
state in which the absolute value of the change rate of 
the steering torque is a prescribed value or more and 
the direction of the change rate coincides with the 
direction of the steering torque. 

SOLUTION: During a vehicle running, the change rate DT 
of a steering torque T from a torque sensor 10 is found 
out by a differentiator 41 in a quick steering state 
detection means 40 and when the output of an absolute 
value circuit 42 for finding out the absolute value of the 
change rate DT is a prescribed value C or more, a 
switch signal is outputted from a comparator 43. 
Meantime, it is discriminated by a direction 
discrimination circuit 44 whether the direction of the 
change rate DT is matched with the direction of the 
steering torque T and at the matched time, the switch signal SW is outputted from a gate 45 to 
a steering auxiliary order value calculator 32. In other words, when the direction of the torque 
change rate coincides with the direction of the steering torque, the responsiveness at the quick 
steering time is raised by selecting so as to be a characteristic with a higher gain than the usual 
steering torque vs a current order value characteristic. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

[Claim(s)] 

[Claim 1] While driving said motor according to the torque sensor which detects the 
steering torque of a handle, the motor which carries out auxiliary load energization of 
said handle and the steering shaft prepared in one, and the magnitude of said steering 
torque In the control unit of the electric power-steering equipment possessing the 
control unit which has a steering auxiliary current decision means to determine a motor 
current based on the steering torque pair current command value property defined 
beforehand Said steering auxiliary current decision means has two or more steering 
torque pair current command value properties. A sudden steering condition detection 
means to detect the sudden steering condition whose direction of the rate of change of 
said steering torque whose absolute value of the rate of change of said steering torque is 
beyond a predetermined value, and corresponds with the direction of said steering 
torque is established. The control unit of the electric power-steering equipment 
characterized by switching to the high property of gain out of said two or more steering 
torque pair current command value properties when said sudden steering condition is 
detected. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the control unit of the electric 
power-steering equipment which raises the responsibility especially over sudden 
steering of a handle about the control unit of the electric power-steering equipment 
which gave the steering auxiliary force by the motor to the steering system of an 
automobile or a car. 
[0002] 

[Description of the Prior Art] The electric power-steering equipment which carries out 
auxiliary load energization of the steering system of an automobile or a car on the 
turning effort of a motor carries out auxiliary load energization of the driving force of a 
motor according to transfer devices, such as a gear or a belt, through a reducer at a 
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steering shaft or a rack shaft. As this electric power-steering equipment is generally 
shown in drawing 4 , the shaft 2 of the steering handle 1 is combined with the tie rod 6 
of a steering wheel through the moderation gear 3, universal joints 4a and 4b, and the 
pinion rack device 5. The torque sensor 10 which detects the steering torque of the 
steering handle 1 is formed in the shaft 2, and the motor 20 with which the control force 
of the steering handle 1 is assisted is combined with the shaft 2 through the clutch 21 
and the moderation gear 3. Power is supplied through an ignition key 11 from a 
dc-battery 14, and in the control unit 30 which controls power-steering equipment, a 
control unit 30 calculates the steering auxiliary command value I of an assistant 
command based on the vehicle speed V detected with the steering torque T detected by 
the torque sensor 10, and a speed sensor 12, and controls the current supplied to a 
motor 20 based on the calculated steering auxiliary command value I to it. ON/OFF 
control is carried out by the control unit 30, and the clutch 21 is turned on by the normal 
operating state (association). And a clutch 21 is turned off, when power-steering 
equipment is judged to be failure by the control unit 30, and when the power source of a 
dc-battery 14 serves as OFF by the ignition key 11 (separation). 

[0003] Although a control unit 30 mainly consists of CPUs, if the general function 
performed by the program in the interior of the CPU is shown, it will become like 
drawing 5 . For example, a phase compensator 31 does not show the phase compensator 
as independent hardware, and shows the phase compensation function performed by 
CPU. In addition, it is also possible not to constitute a control unit 30 from a CPU, but 
to constitute each functional element from independent hardware. 

[0004] Here, the general function and actuation of a control unit 30 are explained. In 
order that the steering torque T detected and inputted by the torque sensor 10 may 
raise the steering stability of a system, phase compensation is carried out by the phase 
compensator 31, and the steering torque TAby which phase compensation was carried 
out is inputted into the steering auxiliary command value computing element 32. 
Moreover, the vehicle speed V detected with the speed sensor 12 is inputted into the 
steering auxiliary command value computing element 32. The steering auxiliary 
command value computing element 32 determines the steering auxiliary command 
value I which is a control-objectives value of the current supplied to a motor 20 based on 
the inputted steering torque TA and the vehicle speed V, and memory 33 is attached to 
the steering auxiliary command value computing element 32. Memory 33 stores the 
steering auxiliary command value I corresponding to steering torque (steering torque 
pair current command value property) by making the vehicle speed V into a parameter, 
and is used for the operation of the steering auxiliary command value I by the steering 
auxiliary command value computing element 32. The steering auxiliary command value 
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I is inputted into the derivative compensation machine 34 of the feedforward system for 
raising a speed of response, while being inputted into subtractor 30A, the deflection (I-i) 
of subtractor 30A is inputted into the proportionality computing element 35, and the 
proportionality output is inputted into the integration operator machine 36 for 
improving the property of a feedback system while it is inputted into adder 30B. The 
addition input also of the output of the derivative compensation machine 34 and the 
integral compensation machine 36 is carried out at adder 30B, and the current control 
value E which it is as a result of [ in adder 30B ] addition is inputted into the motorised 
circuit 37 as a motorised signal. The motor current value i of a motor 20 is detected in 
the motor current detector 38, and the motor current value i is inputted and fed back to 
subtractor 30A. 

[0005] If the example of a configuration of the motorised circuit 37 is shown and 
explained to drawing 6 , the motorised circuit 37 consists of pressure-up power-source 
372 grades which drive the FET gate drive circuit [ which drives each gate of field-effect 
transistors (FET) FET1-FET4 based on the current control value E from adder 30B ] 
371, H bridge circuit [ which changes by FET1-FET4 ], and high side side of FET1 and 
FET2. ON/OFF of FET1 and FET2 is carried out by the PWM (Pulse Density 
Modulation) signal of the duty ratio Dl determined based on the current control value E, 
and the magnitude of the current Ir which actually flows on a motor is controlled. In the 
small field of a duty ratio Dl, FET3 and FET4 are driven by the PWM signal of the duty 
ratio D2 defined by the primary predetermined function expression (it is D2=a-Dl+b, 
using a and b as a constant), and ON/OFF is carried out according to the motor rotation 
direction determined by the sign of an PWM signal in the large field of a duty ratio Dl. 
For example, when FET3 is in switch-on, a current flows through FET1, a motor 20, 
FET3, and resistance Rl, and the current of the forward direction flows on a motor 20. 
Moreover, when FET4 is in switch-on, a current flows through FET2, a motor 20, FET4, 
and resistance R2, and the current of the negative direction flows on a motor 20. 
Therefore, the current control value E from adder 30B serves as an PWM output. 
Moreover, the motor current detector 38 detects the magnitude of the current of the 
negative direction based on the voltage drop in the both ends of resistance R2 while 
detecting the magnitude of the forward direction current based on the voltage drop in 
the both ends of resistance Rl. The motor current value i detected in the motor current 
detector 38 is inputted and fed back to subtractor 30A. 
[0006] 

[Problem(s) to be Solved by the Invention] With the above conventional electric 
power-steering equipments, the current command value proportional to the rate of 
change of steering torque and the current command value proportional to the angular 
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acceleration of a motor 20 are added to the current command value determined with a 
steering auxiliary current decision means (the steering auxiliary command value 
computing element 32, memory 33), and the responsibility over sudden steering is 
raised. 

[0007] However, when adding the current command value proportional to the rate of 
change of steering torque, and the current command value proportional to the angular 
acceleration of a motor, if a proportional degree (gain) is large, electric power-steering 
equipment will cause vibration. Therefore, there is a limitation in the magnitude of gain 
and there is a limitation also in the responsibility of steering auxiliary torque naturally. 
Moreover, when electric power-steering equipment is used for a bigger car, bigger 
auxiliary torque is needed and the inertia of Rota of a motor also becomes large. 
Therefore, in such a case, it is necessary to accelerate bigger inertia, and the 
responsibility of steering auxiliary torque becomes low. With such electric 
power-steering equipment, when sudden steering was performed, there was a trouble 
that steering became heavy. 

[0008] That is, the steering torque by steering of people is made to mitigate with 
electromotive power-steering equipment according to the steering auxiliary force 
according steering load torque required to steer a steering wheel to a motor. Generally a 
steering torque pair steering auxiliary current command value property like drawing 7 
is used for a steering auxiliary current decision means to determine the steering 
auxiliary force, and the steering auxiliary force becomes large, so that steering torque is 
large. Therefore, when the steering load torque when performing sudden steering 
becomes like A of drawing 8 , the property of drawing 7 to the steering auxiliary force 
becomes like B of drawing 8 . Steering torque is the difference of A and B, for example, 
in time amount tl, since the steering auxiliary force is small, steering torque becomes 
very large. In order to improve the responsibility of electromotive power steering, the 
current command value proportional to the current command value proportional to the 
rate of change of steering torque or the angular acceleration of a motor is added, but if 
gain is large, electromotive power-steering equipment will cause vibration. Therefore, 
there is a limitation in gain naturally and there is a limitation also in an improvement 
of responsibility. With such electromotive power-steering equipment, if sudden steering 
is performed, a feeling of an impact will be produced in steering in the stopper which 
regulates the torsion of a torque sensor. 

[0009] This invention is made from the above situations, and the purpose of this 
invention is to offer the control unit of the electric power-steering equipment which 
raises the responsibility over sudden steering of a handle, without steering becoming 
heavy also when sudden steering is performed. 
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[0010] 

[Means for Solving the Problem] While this invention drives said motor according to the 
torque sensor which detects the steering torque of a handle, the motor which carries out 
auxiliary load energization of said handle and the steering shaft prepared in one, and 
the magnitude of said steering torque In the control unit of the electric power-steering 
equipment possessing the control unit which has a steering auxiliary current decision 
means to determine a motor current based on the steering torque pair current command 
value property defined beforehand It is a thing about the control unit of the electric 
power-steering equipment possessing the control unit which drives said motor according 
to the magnitude of steering torque. The above-mentioned purpose of this invention 
Said steering auxiliary current decision means has two or more steering torque pair 
current command value properties. A sudden steering condition detection means to 
detect the sudden steering condition whose direction of the rate of change of said 
steering torque whose absolute value of the rate of change of said steering torque is 
beyond a predetermined value, and corresponds with the direction of said steering 
torque is established. When said sudden steering condition is detected, it is attained by 
switching to the high property of gain out of said two or more steering torque pair 
current command value properties. 
[0011] 

[Embodiment of the Invention] This invention by detecting the case where the absolute 
value of the rate of change of steering torque is beyond a predetermined value, and the 
direction of the rate of change of steering torque is in agreement with the direction of 
steering torque When a sudden steering condition is detected and such a sudden 
steering condition is detected, by switching the steering torque pair current command 
value property of a steering auxiliary current decision means to the property of higher 
gain, a bigger current command value is given and the responsibility of steering torque 
is raised. 

[0012] Hereafter, the example of this invention is explained with reference to a drawing. 
[0013] As this invention shows to drawing 1 to the general control unit 30 as shown in 
drawing 5 , while establishing a sudden steering condition detection means 40 to detect 
a sudden steering condition, in a control unit, the high steering torque pair current 
command value property of two or more gain is set as a steering auxiliary current 
decision means to constitute from a steering auxiliary command value computing 
element 32 and memory 33. The differentiator 41 with which the sudden steering 
condition detection means 40 asks for the rate of change DT of the steering torque T 
from a torque sensor 10, The absolute-value circuit 42 which calculates the absolute 
value of rate of change DT, and the comparator 43 which outputs the change-over signal 
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SW when the absolute value of rate of change DT is beyond the predetermined value C, 
It consists of a direction distinction circuit 44 which distinguishes whether the direction 
of rate of change DT and the direction of the steering torque T are in agreement, and the 
gate 45 which inputs the change-over signal SW into the steering auxiliary command 
value computing element 32 when the direction coincidence signal CN is outputted from 
the direction distinction circuit 44. 

[0014] The absolute value of the rate of change DT of steering torque is beyond the 
predetermined value C, and it detects that sudden steering was performed in the 
direction which turns and increases a handle by detecting the case where the direction 
of the rate of change DT of steering torque is in agreement with the direction of the 
steering torque T in the direction distinction circuit 44. Since it is used in order to raise 
the responsibility of steering auxiliary torque, the steering torque pair current 
command value property after a change is chosen so that it may become the property 
that gain is higher than the usual steering torque pair current command value property 
as shown in the property b of drawing 2 . In this example, the high property of gain is 
set up as a linear function of the steering torque T like a of drawing 2 . When sudden 
steering is performed and it becomes steering torque T like drawing 3 (A), the rate of 
change DT of steering torque becomes like drawing 3 (B). If the predetermined value 
which switches a steering torque pair current command value property is set to C of 
drawing 3 (B), the absolute value of the rate of change DT of steering torque is larger 
than predetermined [ C ], since the steering torque T and a direction are in agreement, a 
steering torque pair current command value property will be switched to a by the 
output of the change-over signal SW from b of drawing 2 , and the current command 
value I will become like drawing 3 (C) with it in Section m. Thereby, the responsibility 
in sudden steering can be raised. In the section n of drawing 3 (B), although the 
absolute value of the rate of change of steering torque is over the predetermined value C, 
since it is contrary to the direction of steering torque, the coincidence signal CN is not 
outputted from the direction distinction circuit 44, and the change of a steering torque 
pair current command property is not performed. Thereby, oscillating generating by 
change is prevented, and only when responsibility is required, the current command 
value I can be made to increase. 

[0015] In addition, although the steering torque pair current command value property is 
explained as two sorts, further many properties are set up and you may make it choose 
suitably in the above-mentioned example. 
[0016] 

[Effect of the Invention] Since he is trying to use the steering torque pair current 
command value property of high gain as mentioned above according to the control unit 
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of the electric power-steering equipment of this invention only when it detects towards 
turning a wheel and increasing sudden steering of a handle and sudden steering is 
detected, the responsibility over sudden steering of a handle can be raised. 

[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the example of a configuration of the 
control unit by this invention. 

[Drawing 2] It is the property Fig. showing the related example of a steering torque pair 
current command value. 

[Drawing 3] It is a timing diagram for explaining actuation of this invention. 
[Drawing 4] It is the block block diagram showing an example of conventional electric 
power-steering equipment. 

[Drawing 5] It is the block diagram showing the general internal configuration of a 
control unit. 

[Drawing 6] They are the schematics showing an example of a motorised circuit. 
[Drawing 7] It is drawing showing the general example of a steering torque pair 
steering auxiliary current command value property. 

[Drawing 8] It is drawing showing an example of the steering load torque when 

performing sudden steering. 

[Description of Notations] 

1 Steering Handle 

5 Pinion Rack Device 

10 Torque Sensor 

12 Speed Sensor 

20 Motor 

30 Control Unit 

40 Sudden Steering Condition Detection Means 
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[Drawing 2] 
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[Drawing 8] 
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[Drawing 1] 
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[Drawing 3] 
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[Drawing 5] 
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[Drawing 6] 
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